Objectives: This study was set out to assess the level of adherence to antiretroviral therapy (ART) and its determinants among children receiving HIV treatment in Kabale district, south western Uganda, in order to inform interventions for improving pediatric ART adherence.
Introduction
Antiretroviral therapy (ART) improves health and prolongs the lives of persons with HIV [1] [2] [3] and in children, adherence to ART reduces viral load [4, 5] , HIV/ AIDS related morbidity [6] and mortality [7, 8] . Access to ART has rapidly expanded globally and in sub Saharan Africa especially with the most recent changes in the World Health Organization (WHO) guidelines to allow early treatment for HIV infected individuals [9] . However, implementation of ART among children 0-14 years, faces major challenges of adherence [10] .
Better Socio-economic status and well tolerated regimens are associated with better adherence [11] . Other factors like socio-demographic and socio-cultural factors, side effects of ARVs, ART regimes, drug dosing [12, 13] , duration on ART [14] , health of child [5] , child knowledge of their HIV status [15] , and psychosocial factors such as stress, depression and anxiety [11] have also been associated with pediatric ART adherence [5, 16] .
The Care giver report has been used as a simple and vital method in assessing pediatric ART adherence in Africa [5, 11, 17] .
Thirteen percent of the people living with HIV/AIDS in Uganda are children [18, 19] , and all HIV positive children less than 15 years (0-14) are initiated on ART irrespective of the CD4 count or WHO clinical staging [20] . To ensure retention in HIV care and adherence to HIV treatment, there should be constant supply of antiretroviral drugs (ARV's), psychological support and HIV status disclosure by care giver with support of a counselor for children aged 10 and above [9, 20, 21] .
In Kabale district, there were 564 HIV positive children aged 0-14 years and reports from the district health office indicated low adherence to ART. This study set out to determine the level of adherence and its associated factors among HIV infected children aged 0-14 years in Kabale district, so as to inform efforts for improving ART adherence among HIV infected children.
Main text

Method
We conducted a quantitative cross sectional study between June and August 2014 in Kabale district located in south western Uganda, with an estimated regional HIV prevalence of 5% [22, 23] . The district has twenty two health facilities providing pediatric ART; however, this study was conducted in two hospitals of Rugarama (private) and Kabale regional referral (public). These hospitals were deliberately selected because they provide HIV treatment to the largest number of HIV infected children in the district.
We interviewed 153 caregivers of HIV infected children aged 0-14 years receiving ART in the two hospitals. The caregivers had to be 18 years and above, age at which they could give informed consent and the eligible children were those who had been on ART for at least 3 months prior the interview. This study, since it was a cross sectional study, the sample size was determined from the formula for estimating sample sizes for prevalence studies [24] .
The caregivers of the sampled children were interviewed using a pre-tested, semi-structured questionnaire translated into Rukiga, the predominant local language in Kabale district. The interviews were administered by trained study nurses fluent in Rukiga, the local language.
We assessed several factors that were suspected to influence ART adherence as informed from the literature review. The child related factors included age and health status of the child, knowledge of their HIV status and duration on ART [5, 15] [17] . The caregiver factors included the caregiver's relationship with the child, stress and depression, age, sex, occupation, highest level of education attained, and duration as child's caregiver [11, 15] . The drug regimen for each child was documented in addition to the other medication factors such as side effects of the ART, drug dosing and tolerability [5, 11, 15] . We also assessed caregiver forgetfulness to remind their HIV infected children on ART to take their medication on time, since it has been found to affect the child's adherence [15] .
The dependent variable was adherence to ART in the last 7 days as reported by the caregiver. Adherence measurement was based on the caregivers report of missed ART doses in the last 7 days prior to the interviews [15] and similar adherence studies used a 3 days recall [17] . It was characterized as "optimal adherence versus poor adherence". Children whose caregivers reported no missed doses were considered to have optimal adherence to ART while those who reported one or more missed doses were considered to have poor adherence.
After questionnaires had been checked, the data was entered using Epi Info software and exported to Stata software for analysis. At Univariate analysis, categorical variables were analyzed using frequencies and proportions and continuous variables using means and standard deviations. The percentage of children with good adherence was calculated by dividing the number of care givers who reported that their children did not miss any dose within the last 7 days prior the interview by the total number of caregivers interviewed.
Bi-variable analysis was done to determine the relationship between each independent factor and adherence. Multivariate logistic regression was done on all factors that were significant after bi-variable analyses to identify factors independently associated with ART adherence. The association of independent variables with the dependent variable was measured using odds rations and the corresponding 95% confidence intervals (CI). A p value of < 0.05 was considered statistically significant.
Results and discussion
All the 153 caregivers who were approached agreed to participate and were interviewed. Most of the sampled children (84.3%, 129/153) were enrolled from Kabale regional referral hospital. Most of the caregivers were in the 31-40 year age group, 40.1%, (62/153), and majority of the caregivers were females, 73.9% (113/153), had primary level of education 37.9% (58/153), were peasants, 47.6% (70/153) and 78.4% (120/153) were biological parents of the children. Of the 153 children, 56.2% (86/153) were females and the majority, 85.1%, (131/153) were above 5 years of age.
Details of the socio-demographics for the children and caregivers are shown in Table 1 .
Level of adherence to ART
Overall, 79.1% (121/153) of the children did not miss any ART doses over the 7 days. Thirty-five children (20.9) missed at least one dose within a period of 7 days. The commonest reasons for missing doses were forgetfulness, 34% (13/35), transportation costs to the health facilities, 17% (6/35) and children sitting for examinations at school, 17% (6/35).
Seventeen caregivers reported various side effects of ART including dizziness, 23% (4/17), vomiting, 18% (3/17), stomach pain, 11% (2/17), rashes, 18% (3/17), headaches, 18% (3/17) and fever, 11% (2/17) ( Table 2 ).
Factors associated with adherence to antiretroviral therapy
After controlling for child age, duration on ART, knowledge of their HIV status, age of caregiver, caregiver level of education, caregiver relationship with child and caregiver knowing their HIV status, child age and caregiver knowledge of their HIV status had significant associations with adherence.
Older children (11-14 years) were more likely to adhere to ART than the younger ones (0-10 years) AOR 6.41 (95%CI 1.31-31.42) p-value 0.022. Children of Caregivers who knew their HIV status were more likely to adhere to ART than those whose caregivers did not know their HIV status AOR 21.64 (1.09-429.24) p-value 0.044 (Table 3) .
Caregiver forgetfulness was a major (37%) reason for missing ART doses. This can be improved by advising the caregivers to give the children the medicines consistently at the same convenient time of the day and using clues to remind them to give the child their drugs [25, 26] . The other reason for missing ART doses were transportation to facilities for drug refills. Transportation cost as a limitation for appointment keeping and drug refills has been reported by studies among children and adults [27, 28] . Community based refills for stable patients can alleviate such challenges and also improve efficiencies for service delivery [29] .
Our study found that older children (11 years and above) were more likely to adhere to ART than younger ones (0-10 years), and this is in line with findings from Ethiopia [30] . Older children have better awareness and appreciation of the negative effects of poor ART adherence, especially if their HIV status has been disclosed to them [25] . Providers should thus pay more attention to the younger children and provide support to caregivers to bridge the gaps.
Our study also found that caregivers who knew their HIV status, had their HIV infected children more likely to adhere to ART compared to the children of the caregivers who did not know their HIV status. This implies that all caregivers of HIV infected children should be advised to know their HIV status, enhances their HIV infected children to adhere to their medication.
Conclusions
The level of adherence to antiretroviral therapy was found to be sub optimal, a significant proportion of children, 21% (35/153) missed their drugs.
Caregiver knowledge of their HIV status was associated with pediatric ART adherence, so there is need to 
Limitations
In our study, we recognize a major limitation of the use of a small sample size (153) that gave rise to very wide confidence intervals. Caregiver reports of missed ART doses to assess adherence, is also a less objective measure of adherence because it leads to over estimation of adherence, recall bias and social desirability bias. 
